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Mail Stop RCE 
Commissioner for Patents 
PO Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir: 

I, Belinda Sanchez Ramirez, of Havana, Cuba, hereby declare as follows: 

1 . I am the Head of Recombinant Vaccines Group and a researcher at the Centro de 
Inmunologia Molecular and an inventor of the present application. I have been conducting 
research in fusion proteins and tumor immunology for over 12 years. Accordingly, my 
Curriculum Vitae is attached herewith as Exhibit A. 

2. I have read the specification of the above-identified application, the pending claims and 
the Office Action mailed by the USPTO on August 8, 2007. 
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3. I understand that the Examiner has rejected the claims as allegedly being obvious in view 
of several references, one of which is Gonzalez (Gonzalez et al. Scandinavian J. Immunol., 52: 
113, August 2000). 

4. This reference was published less than a year before the filing date of priority application 
CUBA 286/2000, filed December 6, 2000. 

5. The compositions as disclosed and claimed in the present application were conceived and 
reduced to practice prior to August 2000. 

6. As evidence of this, attached herewith as Exhibit B is a laboratory notebook page 
exemplifying the protocol used to generate P64-TGFa fusion protein as described in Examples 2 
and 3 of the present application. 

Briefly, the expression vector pM 92 was used. The plasmid contains the IpdA gene 
coding for P64k protein from Neisseria meningitidis (strain B385) under the control of E, coli 
tryptophan operon promoter (ptrp) and phage T4 transcriptional terminator (tT4). pM92 contains 
ampicillin (Amp R ) and kanamycin (Km R ) antibiotic resistance expression cassettes. The pM92 
vector was digested and subsequently ligated with the cDNA from TGFa. 

The resulting plasmid codes for the fusion protein that contains hTGFa inserted among 
the amino acid 45/46 of P64k and containing a polyHis sequence. 

FIG. 2 of the present application shows a schematic representation of the expression 
vector obtaining process. This vector codes for the fusion protein TGFa-P64K which was made 
using techniques described in the laboratory notebook page and herein. 

7. In summary, the laboratory notebook page presented herein illustrates that the TGFa- 
P64K fusion protein compositions as presently claimed were conceived and reduced to practice 
prior to August 2000. 
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8. Also attached herewith is Exhibit C, which is a copy of Silva et al., FEMS Microbiology 
Letters, 174: 191-199 (1999) showing that the IpdA gene encodes P64K (see abstract & 
introduction, pp. 1919-92). 

9. Exhibit D, also filed herewith, is a copy of two additional pages from the inventors' 
laboratory notebook. These notebook pages show that the plasmid pM92 and pMTGF contain 
the IpdA gene. The first page (page 14, dated May 13, 1999 in the upper right-hand corner) 
describes the pMTGF plasmid and the expression of the TGFa-P64K fusion protein encoded by 
this plasmid. The plasmid map for pM92 is found on the next page of the Exhibit. The plasmid 
map clearly identifies the plasmid pM92 (see upper right plasmid) and shows that it contains the 
IpdA gene. The plasmid pSK contains the gene for human TGFa (see upper left plasmid), and the 
pMTGF plasmid contains the fusion protein between TGFa and the IpdA gene. In the final 
plasmid, pMTGF, the TGFa gene is clearly identified as fused with the IpdA gene. 

10. In summary, the IpdA gene is known to encode the P64K protein of Neisseria 
meningitides and the laboratory notebook pages conclusively demonstrate the conception and 
reduction to practice of the TGFa-P64K fusion protein compositions as presently prior to the 
August 2000 publication date of Gonzalez et al. 

1 1 . Also attached herewith as Exhibit E is a second laboratory notebook page demonstrating 
conception and possession of the TGFa-P64K fusion protein by the inventors prior to the August 
2000 publication of Gonzalez et al. In particular, page 23 of the laboratory notebook (dated 
August 13, 1999 in the upper right-hand comer of the page) describes the expression of the 
TGFa-P64K fusion protein from pMTGF (described above and in Exhibit B) in E. coli bacterial 
cells. The description of the figure at the bottom of the page explicitly identifies the expression 
of the fusion protein "TGFalpha-P64K" in Exoli, referring to the expression of TGFa-P64K 
fusion protein encoded by the pMTGF plasmid. 

12. In summary, this laboratory notebook page provides additional evidence of the 
conception and reduction to practice of the TGFa-P64K fusion protein compositions as presently 
claimed prior to the August 2000 publication date of Gonzalez et al. 
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1 3. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further thai these 
statements are made with knowledge thai willful false settlements and the like so made are 
punishable by fine or imprisonment, or both, under Section § 1001 of Title XVIII of the United 
States Code and that willful false statements may jeopardize the validity of this Application for 
Patent or any patent issuing thereon. 



Belinda Sanchez Ramirez 



Date: 
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Personal data 

Name: Belinda Sinchez Ramirez 

Date of birth: January 30, 1 970 
Citizenship: Cuban 

Home address: 1 84 Street between l 8t and 5 th Ave, Flores, Playa 
Havana 11600, Cuba 

Present position: Researcher of Vaccine Department. 

Head of Recombinant Vaccines Group 
Research and Development Direction. 

Present Address: Center of Molecular Immunology (CIM), 216 Street and 15, 
Atabey, Playa. Havana 1 1600, P.O. Box 16040, Cuba. 
Telephone: 537 217645 Fax: 537 335049 
E.mail: belinda@ict.cim.sld,cu 

Education: BS in Biochemistry with Distinction (Faculty of Biology, Havana 
University, 1987-1992). 

Profesional Experience: Center of Molecular Immunology (1992 - present). 

■ Technical experience in biochemical techniques (SDS-PAGE, Western Blott), Molecular 
Biology, cell culture, protein purification. 

■ Generation of a cancer vaccine based on human EGF, chemically conjugated to P64k from 
Neisseria Meningitidis and evaluation in preclinical studies (CIM). 

■ Cloning, expression and purification of a fusion protein human EGF-P64k from Neisseria 
Meningitidis for the formulation of cancer vaccine. Evaluation of the immunogenicity in 
preclinical studies (CIM). 

■ Cloning, expression in mammalian cells and purification of extracellular domain of murine 
EGFR (mEGFR-ECD) and human EGF receptor (HER1-ECD). (Max-Plank Institute for 
Biochemistry, Germany). 

■ Generation of a cancer vaccine based on mEGFR-ECD and Herl-ECD adjuvated on very small 
size proteoliposomes from Neisseria Meningitidis . Evaluation of the humoral and cellular 
imunogenicity and antitumoral effect in preclinical studies (CIM) 



Post-Graduate Studies 

Molecular Immunology course (CIM / University of Havana, 1992). 
Applied Biotechnology Course (CIM / University of Havana, 1993). 
Immunology Course (CIGB, 1993). 
Quality Control and Statistic (CIM / ISPJAE, 1994) 
Good manufacturing Practices (CIM, 1994). 
Immunology Course (CIM, 1995). 
English Course (University of Havana, 1996). 
German Course (Goethe Institute, Freiburg, Germany, 1996). 
Molecular Oncology Course (Havana, Cuba, 2000) 
Introduction to proteomic (Havana, Cuba, 2006) 



Participation in meetings and Congress: 

■ Biotechnology Congress Havana*92. CIGB, Havana, Cuba, 1992. 

■ First International Symposium about Encephalic Death. Nefrology Institute, Havana, Cuba, 
1992. 

■ Second national Workshop of Cellular Immunity. Finlay Institute, Havana, Cuba, 1994. 
Author. 

■ International Workshop "Immunotherapy in the Nineties". CIM, Havana, Cuba, 1994. 

« XII Scientific Seminar "Cancer Immunology and Immunotherapy CNIC, Havana, Cuba, 
1995. Author. 

■ International Workshop "Immunotherapy in the Nineties". CIM, Havana, Cuba, 1996. Co- 
author. 

■ International Workshop Biotehcnology 1997 "Medical applications of biotechnology" (CIGB, 
Cuba, 1997) 

■ XI Forum of Science and Technology, Havana, Cuba, 1 997 

■ Forum of Science and Technique. CIM, Havana, Cuba, 1997 and 1998. Co-author. 

■ "Cancer Vaccines'98" Conference. Bethesda MD, USA. Co-author. 

■ Xm Latin-American Integrated Congress of Cancerology. Havana, Cuba, 1999. Author and 
co-author. 

■ Workshop "Immunotherapy for the New Century, Havana, Cuba, 2000. 

■ 6 to I^tin-American Congress of Immxinology. Havana, Cuba, 2002 

■ International Workshop: Immunotherapy for the New Century, Cuba, 2002. 
» Biotechnology Congress Havana'2003. Havana, Cuba, 2003. 

■ International Workshop: Immunotherapy for the New Century, Cuba, 2004. 

■ Cancer Vaccines/Adjuvants/Delivery for the Next Decade Congress( CVADD), Portugal, 
2005. 

• Cuban National Immunology Congress, Cuba, 2006. 

■ International Workshop: Immunotherapy for the New Century, Cuba, 2006 

■ Workshop UCL-CIM, 2007 

Docent experience 

■ Professor of Advanced Molecular Immunology Course in 2002, 2004, 2006 and 2007. 

■ Supervisor of diploma thesis in 2001 and 2006. 

Publications and patents 

• Gonzdlez,G., S&nchezJB., Su6rez,E., Beausolei I., P£rez,0., Lastre,M., Lage, A. (1996) 
Induction of Immune Recognition of Self Epidermal Growth Factor ( EGF ): Effect on EGF 
Biodistribution and Tumor Growth. Vaccine Research 5(4): 233-244 
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Recognition of Self Epidermal Growth Factor II: Characterization of the Antibody Response 
and the Use of a Fusion Protein. Vacine Research 6 (2): 91-100 

■ Gonz41ez,G., S&nchez,B., Beausolei I, Su£rez,E., Lage, A. (1997) EGF Based Cancer 
Vaccine. Bibtecnoloria Anlicada Vol 14, No 1 



■ Sirirez, E., Greiser, U., Sinchez, B., Fernandez, L.E., Lage, A., P£rez, R., Bdhmer, F.D. (1997) 
Growth inhibition of Human Lung Adenocarcinoma Cells by Antibodies Against Epidermal 
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Characterisation of the IpdA gene from Neisseria meningitidis by 
polymerase chain reaction, restriction fragment length 
polymorphism and sequencing 

Ricardo Silva *, Tamara Menendez, Luis M. Alonso, Enrique Iglesias, 
Alexis Musacchio, Maria de Jesus Leal, Anabel Alvarez, Edelgis Coizeau, 
Alejandro Martin, Luis Herrera, Gerardo Guillen 

Division de Vacunas. Centro de Ingenieria Genetica y Biotecnologia, Ave. 31, entre 158 y 190, Apartado 6162, CP 10600, La Habana, Cuba 
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Abstract 

P64k protein from Neisseria meningitidis is well recognised in sera from individuals convalescent from meningococcal disease 
or vaccinated with the Cuban antimeningococcal vaccine VA-MENGOC-BC®. The presence of the protein in more than 80 
meningococcal strains has also been verified. It is immunogenic in animal models and the antibodies elicited show bactericidal 
activity against meningococci. To further investigate at the molecular level whether IpdA, the gene coding for P64k protein, is 
conserved among different N. meningitidis strains, a total of 20 strains isolated from different geographic areas were 
differentiated on the basis of restriction fragment length polymorphism (RFLP) patterns after polymerase chain reaction 
(PCR) amplification of the IpdA gene and restriction endonuclease digestion with HpaW. Although a total of five different 
PCR-RFLP patterns were present, nucleotide sequence determination showed that identity levels were as high as 93-99% 
among the N meningitidis strains analysed. © 1999 Published by Elsevier Science B.V. All rights reserved. 

Keywords: Neisseria meningitidis ; IpdA gene; Polymerase chain reaction; Restriction fragment length polymorphism 



1. Introduction 

Neisseria meningitidis is the causative agent of me- 
ningococcal meningitis. This is an important health 
problem throughout the world. Based on the anti- 
genic differences in their capsular polysaccharides 
(CPS) 13 serogroups of N. meningitidis have been 



* Corresponding author. Tel.: +53 (7) 218008, 218164, 
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identified. Serogroup A is responsible for large out- 
breaks world-wide, serogroup B is responsible for 
most cases of meningococcal meningitis in Europe, 
South Australia and America, while serogroup C 
occur sporadically and is seen in local outbreaks 
[1-3]. The currently available vaccines against se- 
rogroups A, C, W-135, and Y consist of the purified 
CPS of these serogroups. These vaccines fail to in- 
voke an adequate immune response in young chil- 
dren and do not elicit memory response [4,5]. 
In the case of serogroup B, vaccination ap- 
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proaches have included the use of outer membrane 
vesicles (OMV) in which outer membrane proteins 
(OMPs) are major components [6-8]. One of such 
OMV-based vaccines is the Cuban VA-MENGOC- 
BC® vaccine [6]. Its introduction into the Cuban 
National Immunisation Program has decreased the 
incidence of meningococcal disease in Cuba between 
1983 and 1994, from 14.4 to 0.45 cases per 100000 
persons [9]. 

There are five main classes (classes 1-5) of OMPs 
in TV. meningitidis [10]. With the exception of class 4, 
the remaining classes are considered attractive can- 
didate vaccine antigens [1-3]. In addition, class 2 and 
3 OMPs define the serotypes [11,12], while class 1 
proteins are targets of the serosubtyping antibodies 
[13]. . 

Besides the major OMPs, the characterisation of 
other proteins of N. meningitidis may constitute an 
attractive strategy for vaccine development against 
meningococcal disease. Our group has previously 
identified a meningococcal 64-kDa molecular mass 
protein named P64k. Its coding gene, IpdA, was iso- 
lated, cloned and expressed in Escherichia coli. The 
gene and the protein have been sequenced and the 
three dimensional structure of P64k has been deter- 
mined. P64k seems to be the same protein as the 
dihydrolipoyl dehydrogenase (E 3 ) protein, compo- 
nent of pyruvate dehydrogenase complex, character- 
ised by Ala'Aldeen et al. [14]. Even when the nucleo- 
tide and amino acid (aa) sequences display high 
degree of homology with the dihydrolipoamide de- 
hydrogenases, we postulated that this protein can be 
considered a potential vaccine candidate for the fol- 
lowing reasons: (i) P64k is well recognised in immu- 
noassays by sera from humans convalescent from 
meningococcal disease or vaccinated with the Cuban 
antimeningococcal vaccine VA-MENGOC-BC®. (ii) 
The protein is highly immunogenic in animals and 
the elicited sera show, although moderate, bacterici- 
dal activity against meningococci, (iii) It is expressed 
by the majority of the meningococcal strains so far 
examined [15-19]. The questions regarding the 
pathogenic role of P64k are now being examined 
by our research group. 

To continue the characterisation of this meningo- 
coccal antigen we studied the conservation at the 
molecular level of the IpdA gene present in 20 strains 
of N. meningitidis belonging to serologically different 



groups, types and subtypes. In the present work the 
IpdA gene is characterised both by RFLP analysis of 
the PCR-amplified gene, and by DNA sequencing. A 
comparative analysis of the nucleotide and deduced 
aa sequences obtained is also presented. 

2. Materials and methods 

2.1. Bacterial strains and growth conditions 

The meningococcal strains used in this study and 
their serological classification are listed in Table 1. 
They were grown in brain heart infusion (BHI) agar 
plates, overnight at 37°C, in a candle jar. For liquid 
culture, BHI was used. The working stock of each 
strain was prepared in 10% skimmed milk, and 
stored at — 70°C until required. 

E. coli XLl-Blue [recAl endAl gyrA96 thihsdRU 
(r k ~ m k + ) supE44 relAl X" lac (F' proAB lacP 
ZAM15 Tn/0(tet)] [22] competent cells were used 
for the transformation of recombinants. They were 
cultured in Luria-Bertani (LB) medium [23], supple- 
mented with ampicillin (50 \ig ml"" 1 ), when required, 
overnight at 37°C. 

2.2. DNA procedures 

Routine recombinant DNA technology was per- 
formed as described [23]. Plasmid small-scale purifi- 
cation was carried out by the alkaline extraction 
method [24]. Chromosomal DNA was extracted as 
described in Guillen et al. [25]. 

A Southern blot of £coRI////ndIII-digested chro- 
mosomal DNA fragments was performed basically 
as previously described [26]. As a probe, the 1.8-kb 
IpdA gene from N. meningitidis strain B385 was used. 
This was obtained by PCR amplification under the 
following conditions: 30 cycles of 95°C for 1 min, 
50°C for 1 min and 72°C for 2 min. The reaction 
components were: 1 fig of chromosomal DNA from 
meningococcal strain B385; 50 pmol of primers 1 
(5 ' -T TGAATTC ATGGCTTTAGTTGAATTGAA- 
AG-3') and 2 (5'-T TGGATCC TTATlTnTC TT- 
TTGCGGAGG-3'); 200 uM of each deoxynucleo- 
tide triphosphates (dNTPs); PCR buffer (10 mM 
KC1, 20 mM Tris-HCl pH 8.8, 10 mM CNH 4 ) 2 S0 4 , 
2 mM MgS0 4 , 0.1% (v.v) Triton X-100); double- 
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distilled water to a final volume of 75 ul and 1 unit 
per reaction of Thermus aquaticus DNA polymerase 
(Heber-Biotec, Havana, Cuba). The primers were de- 
signed on the basis of analysis of the nucleotide se- 
quence of the IpdA gene from N. meningitidis strain 
B385, as published by Silva et al. [15] and accessible 
in the EMBL database with the accession number 
X77920. The probe was labelled using the ECL di- 
rect nucleic acid labelling and detection system kit 
(Amersham, UK). Hybridisation and washing of fil- 
ters were performed according to the instructions of 
the manufacturers of this kit. Saccharomyces cerevi- 
siae DNA was kindly provided by Dr Verena Muzio 
from CIGB, Havana, Cuba. The N. meningitidis 
IpdA knockout strain [27] carries a completely inac- 
tivated copy of IpdA in which most of the gene has 
been replaced by the kanamycin resistance cassette 
from pUC4K [28], leaving only 100 bp and 200 bp at 
the 5' and 3' ends, respectively. Expression of IpdA 
in this strain is undetectable by Western blotting us- 
ing the monoclonal antibody (mAb) 484, specific for 
the first 5 N-terminal amino acids of the P64k pro- 
tein, which was kindly provided by Dr Emilio Car- 
pio from the CIGB of Sancti Spiritus, Cuba. 

PCR-RFLP was done as follows. The amplifica- 
tion of the IpdA gene from the remaining 19 strains 
of N. meningitidis was performed in the same con- 
ditions and using the same oligonucleotides de- 
scribed for the strain B385. In each case, 1 \ig of 
chromosomal DNA from each of the analysed me- 
ningococcal strains was used. PCR products from 
the 20 strains were restricted with Hpall and the 
restriction endonuclease products were loaded onto 
10% polyacrylamide gel in TBE buffer (89 mM Tris- 
HC1, 89 mM boric acid, 1 mM EDTA, pH 8.0). The 
run was done at 200 V for 10 h. If the sum of the 
lengths of the bands obtained after digestion was 
approximately equal to the estimated size of the 
PCR product (~ 1.8 kb), complete digestion was as- 
sumed. DNA was visualised by silver staining. 

The primers for the PCR were designed with 
EcoRl (primer 1) and BamHl (primer 2) recognition 
sites (underlined above) for the cloning of the EcoRV 
BamHl restricted PCR products into the pUC18 vec- 
tor [29], previously digested with the same enzymes. 

DNA sequencing reactions were performed follow- 
ing the dideoxy-chain termination method [30], using 
the Sequenase 2.0 kit (Amersham-USB, USA), ac- 



cording to the manufacturer's instructions. The reac- 
tions were run as described [23] using a Base Runner 
Nucleic Acid Sequencer apparatus (IBI, USA). The 
consensus multiple alignments of nucleotide and de- 
duced aa sequences were done using the CLUSTAL 
W program [31]. 

2.3. Western blotting 

The OMV from N. meningitidis were obtained us- 
ing the LiCL extraction method [11]. 20 jig of each 
sample, determined following the method of Lowry 
et al. [32], were loaded per lane and subjected to 10% 
sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) as described [33]. The proteins 
were transferred from acrylamide gels to 0.45 \im 
pore size nitrocellulose membranes. The membranes 
were blocked with skimmed milk. Immunodetection 
was carried out as in [34], using mAb 1 14, which is 
specific for the peptide DAADIGKTIHP present in 
the P64k protein of N. meningitidis , and that was 
kindly provided by Dr Consuelo Nazabal from the 
CIGB (Havana, Cuba). The epitope recognised by 
this mAb was mapped using Pin Technology [35]. 

3. Results and discussion 

In a previous work [15], a high molecular mass 
protein of N. meningitidis, named P64k (Af r = 64 
kDa), present in the majority of the meningococcal 
strains examined, was identified. By the construction 
of a genomic library in the phage EMBL 3, and its 
screening with sera from OMV-immunised rabbits, 
we cloned the P64k coding gene. It showed a high 
degree of homology with the lipoamide dehydrogen- 
ase gene from E. coli, so it was named IpdA [15-17]. 
We have produced P64k protein at high levels in E. 
coli. The recombinant protein is well recognised in 
immunoassays by the sera from individuals convales- 
cent from N. meningitidis infections or vaccinated 
with the Cuban antimeningococcal vaccine VA- 
MENGOC-BC® [6,15]. The purified recombinant 
polypeptide was highly immunogenic in animal mod- 
els, and it was able to elicit a moderate bactericidal 
response against meningococci [15,18]. 

For all the above reasons, we consider that P64k is 
a potential antimeningococcal vaccine candidate. Be- 
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Fig. 1. Analysis on Southern blotting of 2 u.g of chromosomal 
DNA, restricted with £coRI and Hindill from nine of the 20 N. 
meningitidis strains analysed in this study. Lane 1 : strain B385 
(positive control). Lane 2: strain 51/90. Lane 3: strain 102/90. 
Lane 4: strain 104/90, Lane 5: strain 131/91. Lane 6: strain 
B16B6. Lane 7: strain M982. Lane 8; strain M990. Lane 9: 
strain 41/91. Lane 10: IpdA mutant strain (negative control). 
Lane 11:5. cerevisiae DNA (negative control). The size markers 
are indicated on the left in base pairs. 



cause of this, our research group is interested in a 
better characterisation of this protein. Questions re- 
lating to its pathogenic role within the bacterium are 
now undergoing investigation. 

In order to design a broad-spectrum vaccine, an- 
other important question to be considered is the con- 
servation of the candidate among a great number of 
meningococcal strains. In this work, we studied the 
conservation at the molecular level of the IpdA gene 
from 20 meningococcal strains belonging to different 
serogroups, serotypes and serosubtypes. The strains 
under analysis and their serological classification are 
listed in Table 1. 

To verify the presence of the IpdA gene and its 
expression in the strains under analysis, Southern 
and Western blot experiments were carried out. 
Fig. 1 shows the results of the Southern blot assay 
in which 2 ^ig of chromosomal DNA from the 20 
meningococcal strains were restricted with EcoRl 
and Hindlll and hybridised with the IpdA gene of 



Tabic 1 

Meningococcal strains used in this study, geographical origin and their serological classification, PCR-RFLP pattern of the IpdA gene 
from the 20 strains and accession numbers (Acc. Num.) of IpdA gene sequenced 

No. Strajn Serogroup Serotype Serosubtype IpdA RFLP IpdA sequence Strain Strain geographical Reference 

pattern Acc. Num. source* origin 



1 


M1080 


B 


1 


PI. 1,7 






MPIMG 


Finland 


[20] 


2 


B385 


B 


4 


PI. 19,15 




X77920 


IF 


Cuba 


[61 


3 


M992 


B 


5 


Pl.l 






MPIMG 


South Africa 


[20] 


4 


M982 


B 


9 


PI. 9 






MPIMG 


USA 


[20] 


5 


43-31-1 


B 


ND 


ND 






CPHE 


Cuba 


b 


6 


H44/76 


B 


15 


Pl.7,16 




X90938 


MPIMG 


Norway 


[20] 


7 


102/90 


B 


15 


Pl.7,16 






NIPH 


Norway 


[21] 


8 


131/91 


B 


15 


Pl.7,16 






NIPH 


Norway 


[21] 


9 


140/90 


B 


15 


PI. 12 






NIPH 


Norway 


[21] 


10 


51/90 


B 


15 


PI. 12 






NIPH 


Norway 


[21] 


11 


41/91 


B 


16 


ND 






NIPH 


Norway 


[21] 


12 


Z222 


I 


ND 


ND 






MPIMG 


China 


c 


13 


MC51 


C 


ND 


PI. 15 






MPIMG 


Norway 


[201 


14 


M978 


B 


8 


P1.7 






MPIMG 


Dominican Republic 


[20J 


15 


IHN36117 


B 


14 


Pt.7 




X81450 


NPHI 


USA 


[20] 


16 


2996 


B 


2b 


P1.2 




X84696 


MPIMG 


South Africa 


[20] 


17 


M990 


B 


6 


Pl.6 






MPIMG 


USA 


[20] 


18 


S3032 


B 


12 


PI. 12,16 


4 


X89748 


MPIMG 


USA 


120] 


19 


M136 


B 


11 


ND 


5 


X89747 


MPIMG 


USA 


[20] 


20 


B16B6 


B 


2a 


P1.2 


5 




MPIMG 


Norway 


[20] 



ND, not determined. 

•The strains were obtained from: MPIMG, Max Planck Institute for Molecular Genetics, Berlin, Germany; IF, Finlay Institute, Havana, 
Cuba; CPHE, Provincial Centre for Hygiene and Epidemiology, Havana, Cuba; NIPH, National Institute of Public Health, Oslo, Norway; 
NPHI, National Public Health Institute, Helsinki, Finland. 

b This strain was clinically isolated in Cuba in 1980. It was serologicaly classified at the CPHE (Havana, Cuba). 
c No publication available (Dr. M. Achtman, personal communication). 
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strain B385. In all strains a DNA fragment of ap- 
proximately 4.1 kb was detected. In the case of strain 
B385, this result was expected since the IpdA gene, 
isolated from the EMBL 3 phage library, was con- 
tained within a £coRI////>idIII chromosomal frag- 
ment of 4.1 kb [15]. As we achieved the same result 
in all the strains, we can conclude that the location 
of these restriction sites around the IpdA gene in the 
genome of the 20 strains is the same. The higher 
DNA bands detected in all the strains, and specially 
in the strain B16B6, are the result of incomplete 
digestion. From this experiment, we conclude that 
the IpdA gene is present in the 20 analysed N. menin- 
gitidis strains. The presence of this gene in many 
other meningococcal strains has been previously re- 
ported by immunoidentiflcation in a whole cell ELI- 
SA [15,19]. Therefore, it seems that IpdA is a highly 
conserved gene, as it is present in the majority of N. 
meningitidis strains examined by us to date. 

To verify the expression of the IpdA gene, OMV 
from the 20 strains were tested by Western blot using 
the mAb 1 14, which is specific for the P64k protein. 



1 2 3 4 5 6 7 I 9 10 II 12 13 J4 IS 16 17 IS 19 20 21 22 



1 2 3 



8 9 10 11 



200 ki>» mm 

116 kD. .'MM 
97 kDa 

66 u>t 4imm 

45 kDa 





Fig. 2. Molecular mass and antigenicity analysis of P64k protein, 
using the mAb 114, from eight of the 20 strains analysed in the 
present study. Lane 1 : molecular mass markers, the mass is indi- 
cated on the left in kDa. Lane 2: 1 jig of pure recombinant 
P64k protein. Lanes 3-1 1 : OMV from the strains (3) IpdA mu- 
tant strain (negative control), (4) B385, (5) M1080, (6) IHN 
36117, (7) M978, (8) M990, (9) 2996, (10) S3032, (11) B16B6. In 
the upper part the SDS-PAGE analysis is shown, and the West- 
ern blotting analysis appears in the lower part. 
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Fig. 3. HpaU RFLP patterns of the IpdA gene from the 20 me- 
ningococcal strains under study. Lane 2: B385. Lane 3: 43-31-1. 
Lane 4: M992. Lane 5: M982. Lane 6: IHN36117. Lane 7: 
Z222. Lane 8: 2996. Lane 9: Ml 080. Lane 10: MC-51. Lane 11: 
M978. Lane 12: H44/76. Lane 13: S3032. Lane 14: B16B6. Lane 
15: 41/91. Lane 17: 51/90. Lane 18: M136. Lane 19: 102/90. 
Lane 20: 140/90. Lane 21: M990. Lane 22: 131/91. Lanes 1 and 
16: Molecular size markers (pBluescript KS II restricted with 
Mpall). The sizes are indicated on the left in base pairs. 



A high molecular mass protein, equivalent to the 
P64k of strain B385, was recognised in all the strains. 
Fig. 2 shows the results obtained. The antigenic con- 
servation is a remarkable characteristic of the P64k 
protein. The mAb 114 was able to recognise the pro- 
tein in the 20 different strains. This is an advantage 
of the P64k protein in order to be considered as a 
vaccine candidate over other meningococcal pro- 
teins, which are antigenically variable [11-13]. For 
a further characterisation of P64k antigen in terms 
of gene identity, the strains were differentiated on the 
basis of RFLP patterns obtained after PCR amplifi- 
cation of the IpdA gene and DNA restriction endo- 
nuclease digestion. 
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B385 1 MALVELKVPDIGGHENVDIIAVEVNVGDTIAVDDTLITLETDKATMDVPAEVAGVVKEVK 

H4 4/76 1 MALVELKVPDIGGHENVDIIAVEVNVGDTIAVDDTLITLETDKATMDVPAEVAGVVKEVK 

IHN36117 1 MALVELKVPDIGGHENVDIIAVEVNVGDTIAVDDTLITLETDKATMDIPAEVAGVVKEVK 

2996 1 MALVELKVPDIGGHENVDIIAVEVNVGDTIAVDDTLITLETDKATMDVPAEVAGWKEVK 

S3032 1 MALVELKVPDIGGHENVDIIAVEVNVGGTIAVDDTLITLETDKATMDVPAEVAGVVKEVK 

M136 1 MALVELKVPDIGGHENVDI IAVEVNVGDTI PVDDTLITLETDKATMDVPAEVAGVVKEVK 
*************************** ** **************** ^ ************ 

B385 61 VKVGDKISEGGLIVVVEAEGTAAAPKAEAAAAPAQEAPKAAAPAPQAAQFGGSADAEYDV 

HAA/1S 61 VKVGDKISEGGLIVVVEAEGTAAAPKAEAAAAPAQEAPKAAAPAPQAAQFGGSADAEYDV 

IHN36117 61 VKVGDKISEGGLIWVEAEGAATAPKAEAPATPAQEAPKAAAPAPQAAQFGGSADAEYDV 

2996 61 VKVGDKI SEGGL I VVVEAEGTAAS P KAE A P V AP AQ E A P KAAA P A PQAAQ FGG S A DAE Y DV 

S3032 61 V KVG DK I S E AG L I VW E AEG T AAA P KAE AAAA S AQ E A P KAAA P APQ AAQ FGGS A DAE Y DV 

M136 61 VKVGDKI SEGGLIVWEAER-AASPKAAPVAAPAQEAPKAAAPAPQAAQFGGSADAEYDV 
********* ********* * *** *************************** 



B385 121 
H44/76 121 
IHN36117 121 
2996 121 
S3032 121 
M136 120 



WLGGGPGGYSAAFAAADEGLKVAIVERYKTLGGVCLNVGCI PSKALLHNAAVI DEVRHL 

VVLGGGPGGYSAAFAAADEGLKVAIVERYKTLGGVCLNVGCIPSKALLHNAAVIDEVRHL 

VLGGG-PGGYSAAFAAADEGLKVAIVERYKTLGGVCLNVGC I PSKALLHNAAVI DEVRHL 

VVLGGGPGGYSAAFAAADEGLKVAIVERYKTLGGVCLNVGC I PSKALLHNAGVI DEVRHL 

V VLGGGPGGYSAAFAAADEGLKVA I VERYKTLGGVCLNVGC I PSKALLHNAAVI DEVRHL 

VVLGGGPGGYSAAFAAADEGLKVAIVERYKTLGGVCLNVGCI PSKALLHNAAVI DEVRHL 
★ ** ****** *************************************** ******** 



B385 181 AANGIKYPEPELDIDMLRAYKDGWSRLTGGLAGMAKSRKVDVIQGDGQFLDPHHLEVSL 

H4 4/76 181 AAN GIKYPEPELDI DML RA Y KDG V V S RLTGG LAGMAK SRKVDVIQGDGQFLDP H HL E VS L 

IHN36117 180 AANGIKYPEPELDIDMLRAYKNGVVSRLTGGLAGMAKRRKVDVIQGDGQFLDPHHLEVSL 

2996 181 AANGIKYPEPELDIDMLRAYKDGWSRLTGGLAGMAKSRKVDVIQGDGQFLDPHHLEVSL 

S3032 181 AANGIKYPEPELDIDMLRAYKNGVVSRLTTGLAGMAKGRKVDVIQGDGQFLDPHHLEVSL 

M136 180 AANGIKYPEPELDIDMLRAYKNGVVSRLTGGLAGMAKGRKVDVIQGDGQFLDSHHLEVSL 
********************* ******* ******* ************** ******* 



B385 241 TAGDAYEQAAPTGEKKIVAFKNCIIAAGSRVTKLPFIPEDPRIIDSSGALALKEVPGKLL 

H44/76 241 TAGDAYEQAAPTGEKKI VAFKNCI I AAGSRVTKLPFI PEDPRI I DSSGALALKEVPGKLL 

IHN36117 24 0 TAGDAYEQAAPTGEKKIVAFKNCI I AAGSRVTKLPFI PEDPRI I DSSGALALKEVPGKLL 

2996 241 T AG DAYEQAAPTGEKKIVAVKNC I I AAGSRVTKLPFI PEDPRI I DSSGALALKEVPGKLL 

S3032 241 TAGDAYEQATPTGEKKIVAFKNCIIAAGSCVTKLPFILEDPRI I DSSGALALKEVPGKLL 

Ml 3 6 24 0 TAGDAYELAAPTGEKKI VAFKNC 1 1 AAGSRVTKLPFI PEDPRI I DS SGALALKEVPGKLL 



********* 



********* 



********************** 



B385 301 I IGGGI IGLEMGTVYSTLGSRLDVVEMMDGLMQGADRDLVKVWQKQNEYRFDNIMVNTKT 

H4 4/76 301 IIGGGIIGLEMGTVYSTLGSRLDWGMMDGLMQGADRDLVKVWQKQNEYRFDNIMVNTKT 

IHN36117 300 IIGAGIIGLEMGTVYSTLGSRLDVVEMMDGLMQGADRDLVKVWQKQNEYRFDNIMVNTKT 

2996 301 IIGGGIIGLEMGTVYSTLGSRL D V VEMM DG LMQG A D RDL VKVWQKQN EYRFDNIMVNTKT 

S3032 301 I IGGGI IGLEMGTVYSTLGSRLDWEMMDGLMQGADRDLVKVWQKQNEYRFDNIMVNTKT 

M136 300 I IGGGI IGLEMGTVYSTLGSRLDWEMMDGLMQGADRDLVKVWQKQNEYRFDNIMVNTKT 



B385 361 VAVEPKEDGVYVTFEGANAPKEPQRYDAVLVAAGRAPNGKLISAEKAGVAVTDRGFIEVD 

H44/76 361 VAVEPKEDGVYVTFEGANAPKEPQRYDAVLVAAGRAPNGKLISAEKAGVAVTDRGFIEVD 

IHN36117 360 VAV E P KE DG V Y VT FEG ANA P KE PQ R Y DAVL VAAG RA P NG KL I S AE KAG V A VT DRG F I E V D 

2996 361 VAVEPKEQGVYVTFEGANAPKEPQRYDAVLVAAGRAPNGKLISAEKAGVAVTDRGFIEVD 

S3032 361 VAV E P KE DG V YVT FEG AN A P KE PQR Y DAVL VAAG RAPN G KL I S AE KAG VAVT D RG F I E V D 

M136 360 VAVEPKEDGVYVTFEGANAPKEPQRYDAVLVAAGRAPNGKLI S AEKAG VAVT DRG FI EVD 



Fig. 4. Deduced amino acid sequence alignment of P64k protein from strains: B385, H44/76, IHN36U7, 2996, S3032 and M136. Asterisks 
indicate identical amino acids. Dots indicate homologous amino acids. Numbers on the left indicate the positions of amino acids in the 
mature protein. Boxed appears the epitope recognised by the mAb 114. The nucleotide sequence of the IpdA gene of these strains appears 
in the EMBL Nucleotide Sequence Database under the accession numbers indicated in Table 1. 



R. Siha et aUFEMS Microbiology Letters 174 (1999) 191-199 



197 



B 



B385 421 

H44/76 421 

IHN36117 420 

2996 421 

S3032 421 

M136 420 



KQMRTNVPHIYAIGDIVGQPMLAHKAVHEGHVAAENCAGHKAYFDARVIPGVAYTSPEVA 

KQMRTNVPHIYAIGDIVGQPMLAHKAVHEGHVAAENCVGHKAYFDARVIPGVAYTSPEVA 

KQMRTNVPHIYAIVDIVGQPMLAHKAVHEGHVAAENCAGHKAYFDARVIPGVAYTSPEVA 

KQMRTNVPHIYAIGDIVGQPMLAHKAVHEGHVAAENCAGHKAYFDARVIPGVAYTSPEVA 

KQMRTNVPHIYAIGDIVGQPMLAHKAVHEGHVAAENCAGHKAYFDARVIPGVAYTSPEVA 

KQMRTNVPHIYAIGDIVGQPMLAHKAVHEGHVAAENCAGHKAYFDARVIPGVAYTSPEVA 
*********************** ********************** 



B385 481 

H44/76 481 

IHN36117 480 

2996 481 

S3032 481 

M136 480 



B385 
H44/76 



541 
541 



IHN36117 540 



2996 

S3032 

M136 



541 
541 
540 



WVGETELSAKASGRKITKANFPWAASGRAIANGCDKPFTKLIFDAETGRIIGGGIVGPNG 
WVGETELSAKASGRKITKANFPWAASGRAIANGCDNGFTKLIFDAETGRIIGGGIVGPNG 
WVGETELSAKASGRKITKANFPWAASGRAIANGCDNGFTKLIFDAETGRIIGGGIVGPNG 
WVGETELSAKASGRKITKANFPWAASGRAIANGCDNGFTKLIFDAETGRIIGGGIVGPNG 
WVGETELSAKASGRKITKANFPWAASGRAIANGCDNGFTKLIFDAETGRIIGGGIVGPNG 
WVGETELSAKASGRKITKANFPWAASGRAIANGCDNGFTKLIFDAETGRIIGGGIVGPNG 



*********************************** 



Ir******************* 



GDMIGEVCLAI 
GDMIGEVCLAI 
GDMIGEVCLAI 
GDMIGEVCLAI 
GDMIGEVCLAI 



************** 



EMGC DAADIGKTIHflHPTLGESIGMAAEVALGTCTDLPPQKK-K 
EMGC DAADIGKTIHI HPTLGESIGMAAEVALGTCTDLPPQKKK- 
EMGC DAADI GKT I H I H PTLGES IGMAAEVALGTCT DL P PQKKK- 
EMGC DAADIGKTIHI H PTLGES IGMAAEVALGTCT DLPPQKKK- 
EMGC DAADIGKTIHI HPTLGESIGMAAEVALGTCTDLPPQKKK- 



GDMIGEVCLAI EMGC DAADIGKTIHI H PTLGES I GMAAEVALGTCTDLPPQKKK- 



*********** *************************** 



Fig. 4 {continued). 



The PCR-RFLP analysis of the porA gene (encod- 
ing class I protein) has been used by Kertesz et al. 
[36] for characterising meningococci. The authors of 
this work claim that their method offers an alterna- 
tive to characterise isolates that could not be sub- 
typed with monoclonal antibodies. Similarly Peixuan 
et al. [37] found this method very useful in the epi- 
demiological investigation of group A meningococcal 
meningitis in China. 

In our case, we wanted to use this method to study 
the diversity of a specific gene, because it has several 
advantages over other techniques. For example, ran- 
dom errors in nucleotide incorporation by the T. 
aquaticus DNA polymerase during the PCR do not 
affect RFLP analysis of amplified DNA because the 
molar prevalence of any single error is too low [38]. 

For the amplification of the IpdA gene from the 20 
strains, the same conditions and the same oligonu- 
cleotides were used. A PCR product of approxi- 
mately 1.8 kb, which is the length of the coding 
region of the IpdA gene in the strain B385, was ob- 
tained in all the strains (data not shown). This result 
was expected based on those previously obtained in 
the Southern and Western blot experiments. For the 
RFLP study, we chose the enzyme Hpall because it 
was the enzyme which cut the IpdA gene of strain 
B385 more times among the 325 restriction enzymes 



examined, using computer restriction analysis soft- 
ware [39]. Fig. 3 shows the Hpall RFLP patterns 
obtained. All the strains gave a restriction pattern 
of approximately 11 Hpall fragments and showed 
the same pattern of minor bands. Only five different 
RFLP patterns (named 1-5) were found among the 
20 strains. Table 1 summarises the results obtained 
using this method, which was applied to 18 se- 
rogroup B, one serogroup C, and one serogroup I 
strains (see Table 1). The RFLP pattern 1 was pre- 
dominant and was found in the IpdA gene from 13 of 
the 20 strains belonging to three different se- 
rogroups, seven different serotypes and six different 
serosubtypes. The RFLP patterns 2, 3 and 5 were 
equally distributed among the rest of the strains an- 
alysed. The strain S3032 showed a unique Hpall 
RFLP pattern (pattern 4). The five Hpall RFLP 
patterns obtained in the strains studied were rela- 
tively uniform, suggesting the high degree of conser- 
vation of this gene at the molecular level. 

To verify this hypothesis, the IpdA gene of one 
representative strain of each of the five RFLP pat- 
terns obtained was fully sequenced, and the nucleo- 
tide and deduced amino acid sequences were com- 
pared with the IpdA gene and P64k protein sequences 
of the strain B385. The strains chosen were H44/76, 
IHN36117, 2996, S3032, and M136; thus, we com- 
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pared six sequences in total. The accession numbers 
of the IpdA genes sequenced are shown in Table I. 
The nucleotide sequences showed 93-99% identity 
and the deduced aa sequences were 97-99% identi- 
cal; therefore, we can conclude that this antigen has 
a very high degree of sequence conservation. The 
results of the deduced aa sequence comparison are 
shown in Fig. 4. 

It is interesting to note that the minor changes 
detected at the aa level did not affect the nature of 
the protein in terms of molecular mass, as could be 
observed in the Western blotting assay presented in 
Fig. 2. The peptide recognised by mAb 114 [35] is 
100% identical in the P64k protein of the six se- 
quenced strains (boxed in Fig. 4). This may explain 
why this mAb recognised the protein in these strains 
when assayed in Western blotting (Fig. 2). We con- 
sider that the epitope recognised by this mAb should 
also be well conserved in the remaining non-se- 
quenced strains. 

From this study we can conclude that P64k pro- 
tein is a stable antigen expressed by many strains of 
N. meningitidis. By genetic analysis we found that the 
IpdA gene is highly conserved among N. meningitidis 
strains. This rinding provides us with more argu- 
ments for considering the P64k protein as a potential 
vaccine candidate against meningococci. 

In the present work, we have also shown that the 
PCR-RFLP method, which exploits genetic rather 
than phenotypic variability, provides a convenient 
and rapid alternative to the study of gene identity 
in Neisseria species. 
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* Cindtica de la avprcsi6n de la proteina 
fusionada TGFaJpha-P64K expresada cn la ccpa 
de E.Coli MC 1061 . A Jos muestras se les 
determine! la DOa 600 nmy seaplico 10 ul de 
cada muestra prcpoxada ( ImJ de muestra = 
2/D O (pelleC)! + 50 u!H20 *25 ul BS jrcductdo 
4X ) despues de 30 mm a . 100 °C 
I: Ph^ifa/OS^^ 3: 
6 boras LBK, 4: 

LBK, 12%|Oi^ I^^7:!0Ji<«r^]yBA, 8: 8 
horasLBAj?9: lOhoi^JUBA; iC^ i2 hanw 
ISA. <t' V *f-" "'"-v'S 
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